Thermal denaturation of bacterial and bovine dihydrofolate reductases and their complexes with NADPH, trimethoprim and methotrexate.
Scanning microcalorimetry was used for the study of thermal denaturation of E.coli and bovine liver dihydrofolate reductases (cDHFR and bDHFR, respectively) and their complexes with NADPH, trimethoprim (TMP) and methotrexate (MTX) at pH 6.8. It was shown that the denaturation temperature of bDHFR is 7.2 degrees C less than that of cDHFR and that ionic strength is equally important for the thermostability and cooperativity of the denaturation process of the two proteins. Binding of antifolate compounds significantly stabilizes DHFR against heat denaturation. The stabilizing effect and the transition cooperativity depend on the nature of the inhibitor, the presence of NADPH and the origin of the enzyme. The dependence of calorimetric denaturation enthalpy (calculated per gram of protein) on denaturation temperature for DHFRs, their complexes with NADPH and binary/ternary complexes with TMP/MTX fits to the same straight line with the slope of 0.66 J/Kg. This relatively high value indicates an essential role of hydrophobic contacts in the stabilization of DHFR structure. The change of denaturation temperatures in binary complexes with MTX/TMP (in comparison with the free enzymes) is as much as 14.2 degrees C/8.5 degrees C and 13.3 degrees C/3.2 degrees C for cDHFR and bDHFR, respectively. The same change in ternary complexes with MTX/TMP is much more pronounced and equals to 21.9 degrees C/16.8 degrees C and 29.0 degrees C/16.4 degrees C. The vast difference of binary and ternary complexes thermostability demonstrates the important role of cofactor in the stabilization of enzyme. Moving from binary to ternary systems causes a significant increase in denaturation temperatures, even when corresponding association constants do not change (cDHFR binary/ternary complexes with MTX) or increases very slightly (bDHFR binary/ternary complexes with TMP). In all other cases the increase of denaturation temperature for each protein in complex with ligands correlates with the association constant for the corresponding complex.